Various modifications were used to convert waste materials into heavy metal sorbents. In this study, simple thermal treatment was applied on rice husk and its sorption potential to remove Zn (II) ions from aqueous solution was investigated. Equilibrium sorption data were evaluated with two commonly used isotherms i.e. Langmuir and Freundlich isotherms. Coefficient of determination (R 2 ) of the models were used to determine the best fitted isotherm. The correlation coefficients were 0.9884 and 0.8496 for Langmuir and Freundlich isotherms, respectively, showing that the sorption was better described by Langmuir isotherm. In addition, the sorption process is found to be favourable as indicated by the separation factor (R L ) value between 0 and 1. The potential of thermally treated rice husk as a sorbent for the removal of Zn (II) ions from aqueous solution is recognised.
INTRODUCTION
Heavy metals are toxic and hazardous pollutants in water due to their non-biodegradable and persistent behaviours in the environment 1 . Zinc is one of the heavy metals discharged from industrial effluents. Its harmful health effects including "metalfume fever", nausea, diarrhoea, depression, lethargy, Understand adsorption mechanism by adsorption isotherm study is important as it can shows the distribution of adsorbate molecules between the liquid phase onto the solid phase. Langmuir and Freundlich models are the common isotherm models used to correlate the adsorption equilibrium of heavy metals onto adsorbents 12 . Paduraru et al. 6 and Oliveira et al. 7 have shown that equilibrium data fitted well with Langmuir isotherm model compared to Freundlich in their investigations on adsorption of Zn (II) ions onto rapeseed and coffee husks, respectively. According to Abdolali et al. 11 , pre-treatment of adsorbents can improve physical and chemical properties of adsorbents, which can enhance the adsorption capacity and prevent organic leaching. Hence, in this work, a simple treatment was applied on rice husk to produce thermally treated rice husk for sorption of Zn (II) ions from aqueous solution. Equilibrium isotherm of the sorption was investigated.
MATERIALS AND METHODS

Chemicals
Sodium hydroxide pellets, 1.0 M hydrochloric acid and 1000 mg/L of zinc nitrate standard solutions were of analytical grade and obtained from Merck Company (Germany). Ultrapure water (resistivity of 18.2 M&!.cm) used for rinsing glassware, dilutions and preparation of solutions was obtained from a Milli-Q water purification system (Millipore, Germany).
Preparation of sorbent
Rice husk collected from a local rice mill was grounded and washed with ultrapure water several times to eliminate impurities and to obtain constant pH before dried in an oven at 105°C for 24 h. The dried rice husk was sieved to obtain particles size between 300 to 600 µm and then heated in a furnace at 800°C for two hours. The thermally treated rice husk was then put in a desiccator for cooling before kept in a container for the adsorption experiments.
Preparation of solutions
Various concentrations of Zn (II) working solutions (30-180 mg/L) used for sorption experiments were prepared by dilutions of 1000 mg/L of Zn(NO 3 ) 2 standard solution with the ultrapure water. In order to adjust the pH of Zn (II) working solutions, 0.1 M of HCl solution was prepared by diluting 1.0 M of HCl solution, whereas 1.0 M NaOH solution was prepared by dissolving an accurate amount of sodium hydroxide pellet with the ultrapure water.
Sorption study
One hundred mL of 30 mg/L of Zn (II) solution which was adjusted to pH 6 with 1.0 M NaOH and /or 0.1 M HCl solutions, was mixed with 2 g of 300-600 µm particle size of thermally treated rice husk. The mixture was agitated at 150 rpm for 180 minutes at 30 o C. After the contact time, the mixture was filtered using a 0.45 µm cellulose nitrate membrane filter. The content of Zn (II) ions in the filtrate was analyzed using an inductively coupled plasma optical emission spectrometry (ICP-OES) (Perkin Elmer, OPTIMA 5300 DV). The sorption experiments were conducted in duplicates and repeated using 60, 90, 120, 150 and 180 mg/L of Zn (II) working solutions. The sorption capacity, q t , was determined using equation (1) 
RESULTS AND DISCUSSION
Adsorption isotherm models are applied to determine the interaction between adsorbent and adsorbate especially Langmuir and Freundlich isotherm models 13 . Hence, in this study, the equilibrium data were evaluated with these isotherm models. The coefficient of determination (R 2 ) of the models were used to determine the best fitted isotherm model.
Langmuir isotherm model
Langmuir adsorption isotherm is widely used to describe the adsorption of organic and inorganic pollutants, such as dyes and heavy metals from aqueous solutions. It suggests that the adsorption onto the adsorbent surface is homogeneous, where the adsorption of solute from aqueous solution onto the adsorbent surface occurs as monolayer adsorption on the homogeneous number of exchanging sites 14 . Langmuir adsorption isotherm is expressed as below: (2) where q e is the amount of metals adsorbed on the sorbent (mg/g) at equilibrium, C e is the concentration of metal solution at equilibrium, q max is the maximum sorption capacity describing a complete monolayer sorption (mg/g) and b is sorption equilibrium constant (L/mg) that is related to the free energy of sorption. The values of q max and b were determined from the linear plot of C e /q e versus C e . Figure 1 shows the Langmuir plot for sorption of Zn (II). The data obtained with the coefficients of determination (R 2 ) was presented in Table 1 . Equilibrium parameter, R L is a dimensionless constant separation factor to express the essential features and characteristics of Langmuir isotherm 15, 16 . R L can be defined as:
where b is sorption equilibrium constant (L/mg) that is related to the free energy of sorption and C o is initial concentration of Zn (II) ions (mg/L). The value of R L shows the sorption either
The R L values for the sorption of Zn (II) ions onto thermal treated rice husk using the lowest initial concentration (30 mg/L) and the highest initial concentration (180 mg/L) were 0.037 and 0.0064, respectively. The results proved that the sorption of Zn (II) ions using thermally treated rice husk is a favourable process.
Freundlich isotherm model
Freundlich isotherm model assumed that the adsorption process occurs from the interaction of the pollutant molecules on the heterogeneous surfaces. When the occupied binding sites increased, the energy of adsorption declined logarithmically 14 
.
Freundlich isotherm model used to evaluate the experimental was expressed by the following equation 17 .
e f e C n K q log 1 log log + = ... (4) where K f is the Freundlich isotherm constant (mg/g) related to the bonding energy. K f and n are constants and determined from the log q e versus log C e plot. The constants K f and n were calculated using Freundlich plot as shown in Figure 2 . The values for Freundlich constants and coefficient of determination (R 2 ) for the sorption process are presented in Table 1 . The value of n between 1 and 10 (1/n less than 1) indicates favourable adsorption 16 . From Table 1 , the value of n is 4.8497 indicating that the sorption of Zn (II) is favourable.
From Table 1 , the results showed that the sorption of Zn (II) onto thermally treated rice husk was better fitted to Langmuir isotherm model (R 2 = 0.9884) compared to Freundlich isotherm model (R 2 = 0.8496). These results proved that the sorption is monolayer with an equal activation energy and no interaction between sorbates on the adjacent active sites. Study by Elham et al. 13 found that adsorption behaviour of Zn (II) onto rice husk was well described by Langmuir isotherm model, while sorption of Zn (II) by chemically prepared rice husk also follow Langmuir isotherm model 10 .
CONCLUSION
In this work, mechanisms of Zn (II) ions sorption were proposed based on equilibrium data obtained. The sorption was better described by Langmuir isotherm compared to Freundlich isotherm which suggests that the sorption of Zn (II) ions onto the sorbent surface is on monolayer. The sorption process was favourable as indicated by the separation factor (R L ) value. Thermally treated rice 
